Abstract. This study investigates the projected effect of vegetation feedback on drought conditions in West Africa using a 10 regional climate model coupled to the National Center for Atmospheric Research Community Land Model, the carbon-nitrogen 11 considered, future droughts become more prolonged and enhanced over the Sahel, whereas for the Guinea Gulf and Congo 17 Basin, the trend is opposite. Additionally, we show that simulated annual leaf greenness (i.e., the Leaf Area Index) well-18 correlates with annual minimum SPEI, particularly over the Sahel, which is a transition zone, where the feedback between 19 land-atmosphere is relatively strong. Furthermore, we note that our findings based on the ensemble mean are varying, but 20 consistent among three different LBCs except for one LBC. Our results signify the importance of vegetation dynamics in 21 predicting future droughts in West Africa, where the biosphere and atmosphere interactions play a significant role in the 22 regional climate setup. 23
Introduction 24
West Africa is significantly vulnerable to climate change yet, projecting its future climate is a challenging task (Cook, 2008) . 25
From the 1970s, a long period of drought was observed over West Africa, lasting until the late 1990s. While it is important to 26 reduce the uncertainties and improve the reliability of future climate projections, there is still no clear consensus about whether 27 the future outlook of the West African hydroclimate will be drier or wetter. Some studies projected drying trends ( The model grid is configured using a 50-km horizontal grid spacing and 18 vertical layers from the surface to 50 hPa. 98
The model parameterizations are the same as the one used by Wang et al. (2016) and Yu et al. (2016) , which was optimized 99 with previous applications over the same region ( monthly PET in first step, this method utilizes three parameters 1) temperature, 2) latitude and 3) time. For a given month, j, 05 and year, i, the monthly water surplus or deficit, ( #,% ) is calculated by Eq. (1) given below. 06
Where PR is precipitation and PET is potential evapotranspiration. In the second step accumulated monthly water 08 deficits, ( #,% / ), at time scale (i.e., 12 months) in a given month, , and year, , is calculated based on . Finally, #,% / is 09 estimated by fitting #,% / to the log-logistic distribution by mean of the L-moments method by (Hosking 1990) . In this study, 10
we define a drought event with an #,% / of less than -1. 11
Results and Discussions 12

Historical Climate, Vegetation and Drought 13
This study briefly presents the present-day climate, vegetation, and droughts, simulated with RegCM-CN-DV with and without 14 vegetation dynamics, as detailed evaluations of model performance, including the performance according to different RCMs, 15 which was already provided by Erfanian et al. (2016) . Relative to the observational data from the University of Delaware ( To investigate the role of vegetation dynamics on drought severity and duration, the averages of SPEI over three 44 regions are estimated in Fig. 6 . In the Sahel, the more severe and longer droughts are clearly captured for the present-day DV 45 ensemble compared to the SV ensemble. As noted, the reason behind an underestimated LAI over Sahel is dry biasness in 46 atmospheric forcings, which then leads to an additional decrease in precipitation in that region. Thus, prolonged and severe 47 drought events are consistently found in DV ensembles for Sahel. In the Guinea Coast and the Congo, the opposite is found 48 because of the vegetation dynamics. Also, different LBCs present consistent patterns except for CCSM, which shows limited 49 differences of SPEI between DV and SV in the regional averages over the Congo and Gulf of Guinea. 50
Predicted Future Climate, Vegetation, and Droughts 51
In this section, we focus on the projected future climate, vegetation, and droughts, simulated with and without vegetation 52 dynamics. First of all, projected precipitation in the future period of both SV and DV ensembles (Figs. 7a and 7b) shows the 53 similar spatial patterns to that of the past with different regional changes. In the SV ensemble (Fig. 7a-3) , small decrease in 54 precipitation are found in Sahel and the Congo Basin. For the DV ensemble (Fig. 7a-4) , it is clearly visible that the band of 55 precipitation below 10 °N increases up to 56.4 m/month. As expected, atmospheric warming caused by the increased CO2 56 warming and CO 2 fertilization. In the DV ensemble (Figs. 3d and 3e) , widespread increases in future LAI are found, compared 60 to that from the historical period over the regions below 10 °N. Beyond 10 °N, vegetation cover is sparse and there are no 61 noticeable changes in future LAI. Note that LAI does not differ for both historical or future periods in SV. 62
In the future, the precipitation surplus/deficit shows a general decline for both SV and DV ensembles (Figs. 7c-3 and 7c-4) . 63
Only local increases in precipitation surplus/deficit near 10 °N are captured by the DV ensemble. Such changes in precipitation 64 surplus/deficit lead to similar changes in drought frequencies between the future and historical periods for both SV and DV 65 ensembles (Figs. 4b and 4c) . Corresponding to the band of precipitation increase, a slight decrease of drought frequency of up 66 to 15 % is shown in the DV ensemble. 67
Impact of vegetation dynamics on future droughts 68
It is desired to include vegetation dynamic component in land-atmospheric coupled model for future climate projections, 69 although including this property makes the model more complex but it is closer to a realistic model. In this section, we focus 70 on the role of vegetation dynamics in future ensembles (i.e., the difference between DV and SV for the future). 71
Investigating the difference of LAI between DV and SV for the future period (Fig. 3f) , we find that the LAI for the DV 72 ensemble is smaller than that of SV over the Sahel and larger below 10 °N. Such different responses of vegetation can be 73 attributed to dominant vegetation types over the regions as grasses and trees are dominant over the Sahel and below the 10°N 74 respectively. We note that LAI differences between SV and DV ensembles, show quite similar patterns both in historical and 75 future periods (Figs. 3c and 3f ) with LAI biases caused by climate biases in the historical period being similarly shown in the 76 future period. Note that underestimated LAI in Sahel is not necessarily a bias in the future simulations, because the future LAI 77 in SV is assumed to be identical to historical climatological LAI as in historical SV ensemble. 78
Differences between DV and SV in precipitation and air temperature (Figs. 7a-5 and 7b-5) follow the differences of 79 the vegetation state (i.e., LAI). Over the region below 10 °N, wetter and colder climate conditions are predicted with the DV 80 ensemble compared to the SV ensemble, resulting in increased precipitation surplus, as shown in Fig. 7c-5 . Consequently, the 81 frequencies of drought events decrease up to 40 % over Gulf of Guinea and increases up to 43 % over the Sahel based on the 82 ensemble averages (Fig. 4d) . Among the runs with different LBCs, the inconsistency in the drought frequency is found over 83 the central Congo Basin with CCSM, as already pointed out in the historical simulations. 84
The differences of regional averages of SPEI over the three different regions (see the last rows in each panel of We next present the correlation coefficients between annual maximum LAI and annual minimum SPEI over the 90 regions for both historical and future periods (Fig. 8) . With drought events, as reflected in the relatively lower annual minimum 91 SPEI, the annual maximum LAI should be smaller, because leaf growth is limited during such events. Such interactive 92 responses of vegetation to climate conditions are only captured in the DV ensemble. When DV is active, a large portion of 93
West Africa has a strong positive association between the maximum LAI and minimum SPEI. Relatively strong correlations 94 are found along the Sahel, which may attribute to the fact that feedback between land-atmosphere is relatively strong in 95 transition zones. 96
Conclusion 97
In this study, we employed the drought index (i.e., SPEI) to quantitatively assess the effects of vegetation dynamics on 98 projected future drought over West Africa. The impact of vegetation feedback on drought projection was examined both with 99 and without considering vegetation dynamics. This study suggests that, with the vegetation dynamics considered, drought is 200 prolonged and enhanced over the Sahel, whereas for the Guinea Gulf and Congo Basin, the trend is clearly the opposite. 
